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Control System for an Artificial Heart; Diagrammatic 
The problem:	 a heart-assistance pump, having the greatest degree of 
	
To drive a pneumatic, sac-type, heart-assistance
	 simplicity consistent with the required degree of sophis-
	
blood pump with a controlled pulsatile pressure that
	 tication in control. 
	
makes the pump's rate of flow sensitive to venous
	 How it's done: 
	
(atrial) pressure, while the stroke is centered about a
	 An R-wave detector (see fig.) senses the occurrence 
	
set operating point and the pump is synchronized with
	 of the R-wave of an electrocardiogram and triggers a 
the natural heart.
programmer. The programmer generates a pulse, 
The solution:	 adjustable in duration, with its leading edge adjustably 
	
A combination of relatively inexpensive industrial
	 delayed after the occurrence of the R-wave. The pro-
pneumatic components produces a control system, for grammer drives a small torque motor that caps alter-
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nately the control ports of a fluid-amplifier. The out-
put of the amplifier causes a spool valve to shuttle that 
alternately supplies gas pressure and vacuum to the 
blood pump to initiate the artificial heart's systolic 
and diastolic strokes. 
The pump is controlled by manipulation of the levels 
of gas pressure and vacuum supplied to the spool valve 
over a period of several heartbeats; manipulation is by 
means of standard industrial process-controllers 
coupled to industrial electropneumatic transducers. 
Venous pressure is fed back to the vacuum-controller, 
thereby controlling the volume to which the sac fills. 
The output of a limit switch indicates distension of the 
sac. The signal from the limit switch is fed back to the 
pressure-controller to increase the volume of the ejec-
tion stroke until the sac barely reaches full distension 
at the end of filling. 
All components but the R-wave detector and the 
programmer are standard industrial units; thus the 
system combines simplicity with versatility and relia-
bility. Venous-pressure (atrial) and sac-position 
feedbacks provide the necessary sensitivity, of the 
blood's rate of flow, to venous pressure without ven-
tricle overtravel. Thus the blood's average rate of flow 
can be changed to accommodate change in physiologi-
cal demand, and to ensure a balance of blood volumes 
in pulmonary and systemic circulations. 
By substitution of a free-running oscillator for the 
R-wave detector, and addition of a second output-
pressure channel, the system can be used to control
a total-heart-replacement pump. The oscillator pro-
vides a variable pulse rate, and the two output-pressure 
channels provide pulsatile driving pressure for the left 
and right heart-replacement pumps. 
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